Water destined for personal and household consumption should be safe and acceptable in taste, odor and color. However, complaints about drinking water quality are a common issue among the Brazilian population. Also, due to the pollution of water bodies, social groups that are not supplied by treated water may be exposed to different contaminants. The aim of this study was to assess the efficiency of a water treatment tank coupled with UV light on the inactivation of enteric viruses and the reduction of chlorine concentration for use in residences, as well as in rural and isolated communities. Viral disinfection and chlorine concentration decay assays were performed in a tank with capacity of 300 L and a 36-W UV lamp coupled, with controlled temperature. Recombinant human adenovirus (AdHu5-GFP) and murine norovirus (MNV-1) infectivity were assessed after 0, 3, 6
INTRODUCTION
The problem of poor water quality worsens when waste sanitation is not adequate. Worldwide, about 80% of waste generated is discharged into water bodies without receiving any treatment (UN ). The lack of proper treatment and disposal leads to the contamination of rivers, seas and groundwater. Water destined for personal use and household consumption should be safe and acceptable in taste, odor and color. Therefore, water must be free from pathogenic microorganisms and hazardous chemicals (WHO ). When such basic conditions are not met, people face serious health risks.
In Brazil, 85% of the population receives piped and chlorine-treated water supplied by municipal companies, and most households have one or more water storage tanks in their houses prior to consumption (IBGE ).
However, complaints about water are a common issue among the Brazilian population, mainly because they are unsatisfied with the quality of water supplied, mostly due to taste and a lack of confidence in the safety of water.
Among those who are not supplied with treated water, the majority live in rural areas and isolated communities, such as indigenous and riverine areas. Typically, these social groups use water collected from wells, rivers and lakes for their daily needs, often without providing any treatment. Nevertheless, due to the constant pollution of water bodies, these communities may be exposed to different contaminants and are susceptible to develop possible diseases. Thus, the aim of this study was to assess the efficiency of a water treatment tank coupled with UV-C radiation to inactivate enteric viruses and evaluate the reduction of chlorine concentration for use in residences as well as in rural and isolated communities, using AdHu5-GFP and MNV-1 as pathogen models.
METHODS
Cell culture, viral production and viability assays
The cell lines HEK293A and RAW264.7 were used and they are permissive to AdHu5-GFP and MNV-1, respectively. The incubation time varied between 36 h and 48 h to obtain 90-100% cytopathic effect. At this stage, the bottles were frozen at À80 C and defrosted at 25 C three times in order to promote cell lysis and release the intracellular viruses. The medium was centrifuged at 3,500 × g for 5 min and the supernatant was collected and stored at À80 C.
To assess the viability of AdHu5-GFP and MNV-1, pro- . Briefly, the pH of the water sample was adjusted to 3.5 and 10 mL of 1% skimmed milk (Sigma ® ) solution was added at the same pH. After stirring and a rest period of 8 hours each, the bottom 500 mL was centrifuged at 3.800 × g, for 30 minutes at 4 C. The pellet was then dissolved once again in a 0.2 M phosphate buffer solution at pH 7.5. The final eluate was inoculated into monolayers of HEK293A and RAW264.7 cells in order to assess viral infectivity using the fluorescence microscopy (AdHu5-GFP) and the plaque assay (MNV-1) techniques as described previously.
For comparison, the same experimental design was carried out, but without exposure to UV light. All the experiments were performed in three independent replicates.
In each replicate, 10 L of dechlorinated tap water was artificially contaminated with 1.0 × 10 7 FFU of AdHu5-GFP and 2.0 × 10 6 PFU of MNV-1, as a positive control. This sample was concentrated and had its infectivity assessed,
representing the viral recovery control.
Chlorine decay in water tank
Aiming the use of this storage tank for domestic purposes, 
Data analysis
Experimental data were analyzed using repeated analysis of variance (ANOVA) measures and linear regressions.
Levene's test was used to check the homoscedasticity.
When necessary, Bonferroni was used as a post hoc test.
All analyses were performed using IBM SPSS 19.0 software, and a p-value of <0.05 was considered significant.
RESULTS

Viral inactivation in water tank
Physical-chemical parameters measured before and after temperature stabilization are presented in Table S1 (available with the online version of this paper). All samples were negative for the presence of total coliforms. exposure, AdHu5-GFP decayed 1.14 log in the first three hours, reaching 4.03 log after 12 h (Figure 1(a) ). The linear regression analysis showed a R 2 ¼ 0.9795. MNV-1 had a 3.58 log decay in 3 h with UV, and was not able to be detected at the following sampling times (Figure 1(b) ). In tanks without UV treatment, both viruses remained stable and viable at all times evaluated.
One control sample was used in each replicate to evaluate the percentage of virus recovery using skimmed-milk concentration. The method applied in this study was able to recover an average of 53% of adenovirus and 26% of norovirus. These values represent high viral recovery rates and similar results were also obtained by Calgua et al. (; ), using the same protocol.
Chlorine decay in water tank
An independent experiment was performed to evaluate the chlorine concentration decay during water recirculation, without virus and UV exposure. After 12 h of water recirculation there was an average decay of 0.77 mg/L, reaching 2.11 mg/L in 36 h (Figure 1(c) ). The linear regression analysis showed an R 2 ¼ 0.9564.
Model of water treatment tank
Regarding the efficiency of the tank attached to a UV lamp, a model of a product was designed (Figure 2) , with the proposal that it be employed regularly. The model consists of a tank (40 × 40 × 75 cm) with water capacity of 100 L but maintaining the hydrological system and flow rate of the tank studied. There is a filter prior to the water entering the tank to remove larger particles and reduce turbidity.
The water circulates via pipes using a peristaltic pump with an approximate flow of 30 L/min (1,800 L/h). During circulation, the water will pass through a reactor with a 36-W UV-C lamp, applying an estimated dose of 44 mJ/cm 2 in each passage. The water returns to the tank and, after 4 h, this water would be treated and safe for consumption, ensuring the reduction of particles, pathogens and residual chlorine. This product can also be adjusted to other scales and operational values.
DISCUSSION
The water tank attached to a UV lamp (36 W) presented in this study proved to be able to inactivate 99.99% of Adenovirus is composed of a double-strand DNA genome that can be repaired by the host cells' machinery during in vitro assays. Some studies showed that adenovirus exposed to UV are more susceptible when tested in cells that lack the DNA repair system (Day ; Rainbow , ). 
